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1. Introduction

The representative highly sinter-resistant SizNs and AIN in the structural and electronic materials
have come to be widely used. In this study, high quality of raw materials, which has the greatest
impact on the reliability of these ceramics, was mainly investigated.

In Si3Ny, direct nitridation of metallic Si, which enables lower cost, was performed, and adjustment
of the grain size of Si3N4raw material loss by controlling the morphology of Si nitride products was
investigated.

In AIN, since AIN whiskers with higher thermal conductivity as well as AIN powder have been|
attracting attention, AIN whisker formation was investigated in the simplest Al-N» system to
understand the morphological behavior and formation mechanism of AIN whiskers.

2. SizN4 material

Si3N4 ceramics have come to be used not only in electronic components but also in vehicles as a
result of advances in raw material synthesis and sintering technology in SizNj.

The Si3N4 raw material production can be roughly divided into the direct metal Si nitridation method
and the silicon halide method using SiCls as raw material. Since Si3N4 powder in the silicon halide
method is synthesized via gas phase, it is easy to adjust the particle size with high purity and high a-
fraction (ratio of a-SizN4to $-Si3N4), and is superior in the raw material preparation of SisNsmaterials,
On the other hand, the direct metal-Si nitridation method is a cost-effective process because it enables
mass production, but it has some problems to be solved.

(1) large amount of metal impurities because industrial Si is used,

(2) difficulty in achieving high o-fraction because of the large exothermic reaction,

(3) increased oxygen content due to pulverization, remaining coarse particles and inability to easily
adjust particle size.

Metal impurities, however, can be reduced by utilizing single crystal Si scrap, and Si3Ns with a
high a-fraction can be stably mass-produced by improving the sintering conditions. The essential
problem of the metal-Si direct nitridation method, i.e., the problem associated with (3), was solved
by a new metal Si direct nitridation method that imparts gas phase reaction of SiO(g), Si(g) and
NH;s(g), focusing on the fact that SiO> on the metal-Si surface is removed as SiO(g) under high
temperature during nitridation.

The morphology of Si3N4 produced by this vapor phase method was needle-like fine crystals under

(F13C 2,000 FFLE / $3C 800 FEFREE)
(about 800 words)



R 75 (5 12 %, % 31 &%)
(1307 &) (FormatNo.7) &
Si0(g)-NH3 atmosphere and granular fine crystals under SiO(g)-CaF»(g)-NH;3 atmosphere. As a result,

it was possible to adjust the grain size by using the morphological change instead of pulverization,
and to produce granular fine Si3N4 powder with less strength degradation at high temperature in the
sintered compact.

3. AIN material

Power modules that incorporate AIN substrates in copper circuits with power semiconductor devices
are now being used in automobiles. This integrated production from AIN raw materials to circuits
was completed with AIN powder by the metal Al direct nitriding method, but the following
application problems arose.

(1) Differences in strength and thermal conductivity due to the difference between AIN powder by

the direct metal Al nitriding method and AIN powder by the Al,Os reduction method,

(2) Residual stress during bonding reduces the strength of AIN substrates for copper circuits; and

(3) Mass production of copper circuit formation is not possible.

These problems were solved by optimizing the amount of Y,0s3 addition and sintering temperature,
optimizing the bonding temperature and time, and improving the etching method.

On the other hand, synthesis of AIN whiskers with high thermal conductivity has attracted much
attention. In this study, AIN whiskers were synthesized at 1550-1650°C in a simple Al-N2 system, and
their morphology was explained by the change in supersaturation. It was also found that AIN whiskers
with high aspect ratio, which are suitable for high thermal conductivity fillers, can be prepared under
low Al partial pressure.

4.Coclusions
(1) Si3N4 material

A novel direct metal-Si nitridation method was developed by adding SiO(g), Si(g) and NH3(g) gas
phase reactions in the nitridation reaction of metallic Si. The morphology of Si3Ns formed by this
vapor phase method was needle-like fine crystals under SiO(g)-NH3 atmosphere and granular fine
crystals under SiO(g)-CaFx(g)-NH3 atmosphere. Powders prepared by this method were also
produced as granular fine oxygen powders (Si3N4) with low strength degradation at high temperatures
in sintered compacts.
(2) AIN material

The integrated production process from AIN raw materials to circuitry has been completed with AIN
powder by the direct metal Al nitriding method. Furthermore, high aspect ratio AIN whiskers for high
thermal conductivity materials could be produced by controlling supersaturation or low Al vapor
partial pressure in the simplest AI-N; system. This high aspect ratio AIN whiskers could be connected
to higher reliability of AIN substrates with Cu and resin-based heat dissipation materials in the future.
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